Reduction of major risks to the public and workers is a top priority of all federal agencies. Given current and future budget realities, agencies cannot attempt to address all risks simultaneously nor to address certain relatively lower risk activities as rapidly as some would like. The assumptions and judgments inherent in using risk analysis in the absence of data, however, have to be clearly stated. What is needed is an integrated risk assessment and management process that meets the current and future needs of the government, as well as of stakeholders. Yet there have been many questions raised regarding risk assessment: our ability to define the risks on a specific substance or site basis and in a systematic way; methodology questions about identifying and assessing diverse hazards and risks as well as uncertainties in the estimates, data gaps, and concern over the quality of information; and the fact that "who" performs the risk assessment matters. Knowing these controversies surrounding risk and the use of risk-based approach, the Department of Energy (DOE) requested the National Academy of Sciences-National Research Council to determine whether and how risk and riskbased decisions could be incorporated into a major federal program, the DOE's Office of Environmental Management. The report identified the major obstacles, issues, and barriers to implementing a risk-based management approach. The report concluded that the use of risk-based approach could help compare outcomes, build consensus, and gain early public involvement to include cultural, socioeconomic, historical, and religious values, if its purposes and limitations are well defined. A status of the DOE's ability to implement the recommendations presented in the report on the use of risk assessment in a major federal program and the adoption of principles for using risk analysis will be given.
INTRODUCTION
A public discussion on risk assessment and analyses has been prominent in the press recently, yet this discussion itself is not new. Policy makers, scientists, economists, and students of public administration have long debated the subject. Risk assessments are meant to aid in protecting public health, but sometimes risk assessments fail to meet that goal. Reports by the U.S. Environmental Protection Agency (EPA) that disinfection of public water supplies by chlorination leads to trace amounts of byproducts that are carcinogenic led to the abandonment of chlorination of water in Lima, Peru. The result was an explosive spread of cholera and thousands of deaths. Initial risk assessments judged Alar, a chemical found in trace amounts on apples, to be a potent carcinogen, leading to a drastic decrease in apple consumption and economic woes for orchard owners. The U.S. risk assessments were later modified downward and Europe never considered the trace amounts of Alar on apples to rep-resent a health hazard. The nonnutritive sweetener, saccharin, at high doses induces bladder cancer in rats. The no-observed-effect level in rats is 1 % in the diet, and there is no effect if the urine is acidified. The compound is not metabolically activated when ingested by animals or humans, does not react with DNA, and is not mutagenic in short-term tests, yet the compound was assessed using linear dose-response models as if it acted by a genotoxic mechanism (1) .
In all these cases, the risk assessments were made and acted upon in isolation, in the absence of all the factors that need to be considered in making risk management decisions. The growing body of literature on risk assessment and risk management that has been generated is now receiving increased visibility, capturing the attention of both the Congress and many stakeholders throughout the federal government's far-flung community. The federal government cannot meet its responsibility unless it integrates the best risk management practices into its decision-making processes.
In the United States, the nuclear arms race resulted in the development of a vast research, production, and testing network that became known as the &dquo;nuclear weapons complex.&dquo; The complex consisted of 2.3 million acres of land and 120 million square feet of buildings and ranged in diversity from a vast tract of land in the deserts of Nevada to warehouses in downtown New York City that once stored uranium (4) .
In 1989, the Department of Energy (DOE) created the Office of Environmental Management to manage the legacy of 50 years of nuclear weapon production and research at 137 sites in more than 30 states and territories.
The Environmental Management program's responsibility is to address the most immediate, urgent risks to human health and the environment, while managing long-term contamination and safety threats. The program also manages wastes currently being produced during nuclear materials research and development, energy research, and ongoing missions (6) .
The Environmental Management program is currently facing a decreasing budget while still having to deal with competing requirements and risks to workers, the public, and the environment. The DOE recognizes that credible risk assessment and the best risk management tools are needed to meet its primary mission of protecting human health and the environment. The decisions involved in managing these problems include long-term environmental and public safety concerns, national security issues such as nuclear proliferation, and federal budget limitations. The future course of the Environmental Management program will depend on several fundamental technical and policy choices, many of which we have not yet made. A general framework for risk analysis developed by the DOE's Environmental Management program incorporates technical and cost considerations and is a timely and appropriate aide to policy making.
THE CHALLENGES OF USING A RISK-BASED DECISION-MAKING PROCESS
Many concerns have been raised regarding risk assessment : our ability to define what the risks are on a siteby-site basis and in a systematic way; the fact that it matters &dquo;who&dquo; performs the risk assessments; and the many methodology issues about identifying and assessing risks as well as uncertainty, data gaps, and concerns over the quality of information.
The scientific, regulatory, and regulated communities have been working on approaches to better address these concerns. In April 1996, the EPA released proposed revisions to the cancer guidelines (9) . The revised guidelines contain a new approach to analyzing test data, classifying chemicals, and generating estimates of low-dose cancer risks. Results from a cancer risk assessment, along with statutory mandates and economic analysis, are used by regulators for a number of things including developing cleanup standards at hazardous waste sites, deciding whether to impose manufacturing controls on a chemical or pesticide, establishing pollution release limits, and imposing annual reporting requirements for chemicals. Final revised cancer risk assessment guidelines are expected to be issued during the summer of 1997.
ADVICE FROM THE NATIONAL ACADEMY OF SCIENCES
Knowing the controversies surrounding risk and the use a risk-based approach for environmental manage-ment, 2 years ago the DOE asked the National Academy of Sciences to decide whether and how risk and riskbased decisions could be incorporated into the Environmental Management program. The study resulted in the January 1994 report Building Consensus Through Risk Assessment and Management of the Department of Energy's Environmental Remediation Program (2). In the report, the academy identified the major obstacles, issues, and barriers to implementing a risk-based management approach. The report concluded that the use of risk-based approach could help compare outcomes, build consensus, and gain early public involvement to include cultural, socioeconomic, historical, and religious values, if its purposes and limitations are well defined.
The academy also noted that to be effective and useful, the procedures and institutions adopted for risk assessment satisfy several objectives: . They must be credible to stakeholders and the general public. They must operate expeditiously without threatening scientific validity. They should consider the full range of risks of concern to the stakeholders in the light of social, religious, historical, and political values, future land uses, and cultural values and needs.
They should be efficient and cost-effective and produce results that contribute to identification of remedies and priorities that are themselves efficient and cost-effective.
DOE/ENVIRONMENTAL RISK PRINCIPLES
Based on the findings of the report from the National Academy of Sciences, that risk-based decision-making was both feasible and desirable for the Environmental Management program, the DOE adopted a set of principles for using risk analysis (5) . The principles (developed by an interagency working group) are designed to be a first cut at defining risk analysis, its purposes, and the principles to be followed by the DOE if it is to be done well and credibly. These principles include 4 major categories :
. Risk Assessment. Use the best available information from all sources; all judgments and assumptions should be explicitly stated. . Risk Management. Analyze the distribution of risk and costs/benefit of potential risk management strategies, using the best available tools and techniques. . Risk Communication. State risk management goals, assumptions, uncertainties, and comparisons clearly, accurately, and meaningfully; provide public access in a timely manner. w Priority-Setting. Compare risks by grouping them into broad categories of concern (e.g., high, medium, low) and identifying the population at risk; include as broad a range of views as possible, ideally with consensus.
&dquo;THE FIRST STEP&dquo; TO LINKING RISK WITH THE BUDGET Since its formation 6 years ago, the Environmental gressional concerns over priorities and the pace of cleanup versus total program costs. The DOE Office of Environmental Management's overall budget grew from approximately $2.3 billion in 1990 to approximately $6.5 billion in 1994. Concerned about this rapid budget increase, yet sensitive to the public concerns about the risks posed by the department's sites, Congress urged the department to begin to develop a risk-based approach for sequencing or prioritizing its activities. Specifically, the Conference Report of the Energy and Water Development Appropriations Subcommittee for Fiscal Year 1994 said that the department &dquo;... needs to develop a mechanism for establishing priorities among competing cleanup re-quirements&dquo; (11) . Furthermore, the department was directed to &dquo;submit by June 30, 1995 a report ... evaluating the risk to public health and safety posed by the conditions at weapons complex facilities that are addressed by compliance agreement requirements.&dquo; The committee emphasized that it did not intend [for] the Department to perform an exhaustive formal risk assessment, as that term is frequently used, of the thousands of cleanup activities required by compliance agreements. Instead, the Department [was] directed to estimate the risk addressed by cleanup requirements on the basis of the best scientific evidence available.
In response to the Congressional request, the department initiated a major effort to define its risks on a siteby-site basis systematically. In reevaluating the Environmental Management program in 1994, the department announced its intent to establish more credible and consistent methods of conducting risk assessments at its sites and facilities.
In the current climate of decreasing budgets, the public is especially concerned about ensuring that funds are being spent wisely and cost-effectively. There are demands to achieve the highest level of risk reduction possible for every taxpayer dollar spent. This can only be achieved by fully understanding all the risks that the program must address, understanding the costs associated with addressing those risks, and making decisions based on that comprehensive understanding.
Information about risks is generally collected and analyzed at a specific facility or site or for a particular contaminant or hazard. Such information has not been available for decision-making or for establishing priorities. Many risk-related reports are completed based on requirements specific to a regulation or a compliance agreement and do not allow for comparisons of risks or for an integrated complex-wide analysis of risk. A primary objective of the draft report entitled Risks and the Risk Debate:
Searching for Common Ground &dquo;The First Step&dquo; (hereafter called the Draft Risk Report), submitted to Congress in June 1995, was to develop a process that provides an integrated approach to evaluating the risks to human health, worker safety, and the environment posed by conditions at the department's sites and facilities, and links those risks to compliance requirements and the budget (7) .
The Environmental Management program's Office of Integrated Risk Management adopted a qualitative eval-uation matrix for the Draft Risk Report. The process was not designed to replace existing site-specific approaches but to increase the understanding of all Environmental Management activities, particularly as related to risks to public health, worker health, the environment, compliance requirements, and budget allocations across the Environmental Management program. DOE field program managers with expertise about these activities at their site categorized the activities in 6 areas. The intent of the qualitative approach was to describe all Environmental Management activities to develop a consistent, Environmental Management-wide framework for capturing and communicating the information from all Environmental Management sites and facilities.
CURRENT STATUS
The Draft Risk Report to Congress provides the first link among budget, compliance requirements, and risk reduction/pollution prevention activities. The process used for the report provides an initial framework to capture the spectrum of risks (public and worker health and environment) associated with planned Environmental Management activities and to link these risks to compliance requirements and the budget qualitatively.
The information provided a baseline from which both the DOE and its stakeholders can use to engage in dialogue about the risks and costs associated with the various Environmental Management activities at each site. This baseline information was successfully used in the fiscal year 1996 and 1997 budget processes, as one tool in the decision-making process that determined how Environmental Management would allocate its funding, establish priorities, and sequence its work. The Environmental Management Advisory Board, an advisory group charted under the Federal Advisory Committee Act, was asked to review the Draft Risk Report and the qualitative evaluation process used to develop information linking risk, compliance, and budget for all Environmental Management activities. The board recognized the process used to develop the Draft Risk Report as an important first step in linking both compliance and budget information. They endorsed the use of the process and endorsed the recommendations made to improve the data quality and assure consistent application and interpretation of those data. Their recommendations to the DOE were the following: 0 To improve data credibility and quality by clearly identifying and communicating the assumptions, implementing public and peer review, and using corporate training and workshops. In addition, the categorization of activities needs to be consistent across sites, clear, recognizable, and meaningful. 0 To implement a &dquo;3-tiered approach&dquo; to improve the risk assessment/management process further, in developing guidance, in conducting qualitative evaluations, and in evaluating the results and process. 0 To improve stakeholder involvement through a variety of creative approaches to engage stakeholders in the qualitative evaluation process meaningfully. Better information and communication tools are needed for this complex subject if the program is to be effective. Future land use and land-use assumptions are critical components of this process, and each site needs specific future land-use criteria.
O To pay close attention to &dquo;timing&dquo; issues. For example, a low-risk activity can result in much higher risk later if wastes are unstable or leaking. In addition, effects can occur due to the performance of an activity and should be considered in the decision-making process. To integrate fully the entire process with the budget, long-term cost projections, future land-use planning, and stakeholder involvement.
As Environmental Management goes forward to use this process and framework in the fiscal year 1998 budget and planning process, it is carrying out these recommendations. The information provided within the process will change as policy decisions such as land-use options are determined for each site, as new regulations and compliance agreements are made, as risk information improves, and as more data become available. The department believes that having this framework consistently implemented and understood will take more than 1 year but that the lessons learned each year will be incorporated into the framework. The department will continue to work on enhancing risk evaluation methods throughout the year.
PEER REVIEW PROCESS
To enhance a consistent approach that captures the spectrum of risks associated with the Environmental Management program across the weapons complex, headquarters has been working with the field offices to develop detailed guidance for use in developing the fiscal year 1998 Environmental Management budget. Personnel representing all Environmental Management sites and programs and external peer review experts from outside the DOE will conduct evaluations of risk data and process quality at the Environmental Management-wide level to improve the risk assessment/management process. Peer review will be accomplished through the following 3-tiered approach.
The first tier consists of a central group of experts, stakeholders, and regulators to develop the guidance for the comparative risk assessment process (complete for the fiscal year 1998 budget process).
The second tier consists of risk assessment professionals, environmental experts, former DOE employees, and DOE field office representatives to conduct the comparative risk assessment. This method will ensure cross-site input, thereby reducing bias, promoting consistency, and building credibility for the process. This review will take place on a local and national level. The local review processes will be defined and managed by field offices and will take place in the November to April time-frame. The national review process will be coordinated by headquarters budget and risk organizations and is taking place in the January to May 1996 time-frame.
The third tier will consist of a group to evaluate the process. This group will consist of some of those in the first and second tiers and other independent experts. The review group will be responsible for reviewing the process and providing guidance on carrying it out. This group will perform its review in the April through July 1996 period.
STAKEHOLDER INVOLVEMENT
In addition to peer review, the DOE recognizes that stakeholder involvement is important to both the quality of information and the credibility and validity of the decision-making process. The Environmental Management program is using a variety of creative approaches to engage stakeholders in the risk and budget issues meaningfully so that stakeholders have access to accurate, understandable, and timely information. The goal of these activities is to allow stakeholders sufficient time to be able to assimilate the information and an opportunity to be heard during the decision-making process.
In collecting information to inform its decision-making processes, the department has begun to account for the various attitudes, interests, and community activities that could be affected or disrupted by performing or not performing an activity. The department will collect information regarding the potentially negative social, cultural, and economic impacts of activities and the environmental situations they address (e.g., temporary or permanent cessation of important community activities, disruption of traditions or ceremonies practiced by specific populations or groups). Such information will be considered with the other information used to inform priority setting.
Improved stakeholder involvement is dependent on the ability of the Environmental Management program to communicate risk information effectively and to identify meaningful and timely opportunities for public participation. It is vital that Environmental Management be clear about the nature of opportunities for public input on environmental decision-making and be clear about how the public input will be used. For example, the department is helping stakeholders to participate in the 1998 budget process by preparing a guide entitled Public Participation in the Fiscal Year 1998 Office of Environmental Management Budget (8) . This document identifies the decisions to be made, the key documents being provided to decision-makers, and the opportunities for stakeholder involvement.
Assumptions regarding the future use of land at the department's sites directly affect estimates of risks to the public, to workers, and to the environment. To conduct meaningful risk assessments and select appropriate remedial methods, sites must first define future land uses with significant public input. To date, several sites have already formulated stakeholder-preferred land uses as a result of the Secretary's initiative to develop site landuse plans; these land-use assumptions will serve as a basic input into site risk assessments.
REVIEW BY THE NATIONAL ACADEMY OF SCIENCES
Because of the changes over the last few years, the DOE recently asked the National Academy of Science to provide a review of the DOE's current position. Their report, Improving the Environment, provides a summary of the current status of the DOE and makes a number of recommendations that the DOE is now in the process of im-plementing (3) . Its primary recommendation is that incentives are crucial to the effectiveness of the program. Incentives are identified as a key requirement for the program and application of incentives are linked to metrics for performance and accountability. The report recommended that the program incorporate responsible stewardship and that land-use planning efforts have to be completed to facilitate site restoration. The report endorsed the DOE's current approach to science and technology based on &dquo;focus areas&dquo; to encourage development of a targeted agenda for dealing with Environmental Management's environmental problems. As regards regulation, it has been recommended that a lead regulator be appointed to address the problems that might otherwise be encountered due to the complexity of the current regulatory regime, the overlapping nature of controls, and the difficulties with communication that may result under such circumstances. Finally, the report recommends the DOE continue with the public participation process that it has started.
Additionally, Environmental Management is supporting several cooperative agreements with independent institutions to work together helping the DOE further define and implement approaches to credible risk assessment and risk management practices. These include development of comprehensive, innovative methods to assess and communicate ecological and human health risks; research programs to foster a greater understanding of the ecological and human health effects associated with remediation activities at specific sites; and development of information for ecological risk analysis. Specific activities will include working with field elements and their local stakeholders to improve risk communication between these groups; providing peer review and analysis of field-generated risk information; involving public participation in risk evaluation; and developing tools for communicating risks to nontechnical audiences.
CONCLUSIONS
As the Office of Environmental Management attempts to accomplish its primary mission, protecting human health and the environment, while facing a decreasing budget and competing regulatory and stakeholder requirements, it is developing and using a framework that builds on all of the risk information collected on a site and facility basis and allows for a consistent approach to evaluating risks throughout the nuclear weapons complex.
Clearly identifying and communicating the assumptions used in developing evaluation data will improve the credibility and quality of the data, as will implementing public and peer review and using training and workshops across the Environmental Management program. Across sites, categorization of activities will be made consistent, clear, recognizable, and meaningful.
The 3-tiered approach to peer review being implemented will improve risk assessment and risk management processes in developing guidance, conducting qualitative evaluations, and evaluating the results and process.
Values of stakeholders, including Native Americans and other groups, must be considered and solicited actively, meaningfully, and effectively. Sites should clearly explain the basis for their land-use assumptions, particularly to identify the degree to which area citizens, tribal governments, regulatory agencies, and other interested parties accept these assumptions. Cleanup decisions must be tailored to accomplish the future land-use plans. Environmental Management successfully used a qualitative evaluation process to inform decisions in the fiscal year 1996 and 1997 budget cycles. Risk information will be. used even more rigorously and more in-depth for the fiscal year 1998 budget development cycle and beyond. The process of informing priorities with risk information will improve as the DOE improves data quality, incorporates peer review, defines the future of its sites, and keeps its stakeholders fully informed and involved.
